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NASA TT F-10,914 

LITERATURE SEARCH ON THE MANUFACTURE OF LAYERS OF MOLYBDENUM, 

CARBONYLS OR REDUCTION OF VOLATILE HALIDES 
TUNGSTEN, AND THENIUM BY THERMAL DECOMPOSITION OF THEIR 

M. Kadner 

ABSTRACT. Pure coa t ings  of Mo, W ,  o r  R e  are advan- 
tageously deposi ted from t h e  vapors of t h e  f l u o r i d e s  
(W,  Re) o r  t h e  ch lo r ides  (Mo, W ,  Re) by r educ t ion  with 
hydrogen. 

Details, cond i t ions ,  and r e s u l t s  are discussed.  
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Summary - 12 

The re sea rch  p r imar i ly  covered t h e  l i t e r a t u r e  c i t e d  i n  "Chemical Abstracts"  
- 56 (1962) t o  60 (1964) under t h e  heading "Coating(s)". 

The following r e fe rence  works were employed: 

Hodgman, Handbook of Chemistry and Physics (Ref. 1) 

Sidgwick, The Chemical Elements and t h e i r  Compounds (Ref. 2)  

Sherwood (Ref. 3) g ives  a gene ra l  summary of "Chemical Vapor Deposition" 
methods. 

The r e s u l t s  of t h e  research can b e  summarized as follows: 

I n  o r d e r  t o  manufacture l a y e r s  of molybdenum, tungsten o r  rhenium o r  pure 

Apparently t h e  carbonyls play 
metals, carbonyls 
c h l o r i d e s  (Mo, W ,  Re) are reduced wi th  hydrogen. 
a less important r o l e  i n  t h e  manufacture of pure l a y e r s .  

are thermally decomposed (Mo, W ) ,  o r  f l u o r i d e s  ( W ,  Re) o r  

Molybdenum l a y e r s  are usua l ly  manufactured by r educ t ion  of MoCl 5' which i s  

vaporized a t  200 t o  28OoC i n  an argon cu r ren t ,  w i th  hydrogen a t  600 t o  85OOC. 
Furthermore, molybdenum is  separated by thermal decomposition of Mo(CO)~ a t  

400 t o  600'C i n  the  presence of hydrogen and water vapor. 

The p u r e s t  tungsten l a y e r s  are obtained by r educ t ion  of WF6 w i th  hydrogen 

The H2-WF a t  600 t o  700OC and 20 t o  760 Torr.  

140: l .  
Tungsten can a l s o  b e  separated by reduction of WC16 w i th  hydrogen o r  by t h e  

decomposition of a mixture  of tungsten bromides, as w e l l  as by thermal decom- 
p o s i t i o n  of W(CO)6 a t  200 t o  600'C i n  the presence of hydrogen and water vapor. 

r a t i o  varies between 1:l and 6 
In  a d d i t i o n ,  t h i s  is  a l s o  done a t  very low p res su res  (10-3 Tor r ) .  - 13 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  the  o r i g i n a l  f o r e i g n  text.  
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There are r e l a t i v e l y  few s t u d i e s  regarding t h e  s e p a r a t i o n  of rhenium. 
It can be  separated from ReF 

of 10 Torr i n  t h e  presence of hydrogen. 

with hydrogen a t  800 t o  13OO0C, which r e s u l t s  i n  rhenium. 

a t  temperatures from 400 t o  800°C and p res su res  

It is  a l s o  p o s s i b l e  t o  reduce ReOC14 
6 

Molybdenum 

Density 10.2 g/cm3 

Flow p o i n t  2622 40°C 

Condensation po in t  4864°C ( a t  330OOC 2 1 Torr) 

/4 

Other p r o p e r t i e s  are given i n  a pub l i ca t ion  by S c h r e i t e r  (Ref. 4 ) .  

According t o  Braun (Ref. 5) molybdenum has r e c e n t l y  a l s o  been introduced 
i n t o  m e t a l  technology, a f t e r  new methods of manufacture and metal  working were 
found. I n  a d d i t i o n  t o  t h e  manufacture of molybdenum powder, c a r r i e d  out  on a 
l a r g e  scale by t h e  r educ t ion  of ammonium molybdate o r  of t h e  oxide MOO with 

hydrogen, which l e a d s  t o  molybdenum with a p u r i t y  of about 99.98%, t h e  follow- 
ing methods are a l s o  used t o  manufacture molybdenum: 

3 

Thermal d i s a s s o c i a t i o n  of MoS i n  a vacuum 

Reduction of molybdenum c h l o r i d e  with magnesium 
2 

Mo(C0) and MoCl are used as i n i t i a l  materials f o r  t h e  manufacture of 6 5 
molybdenum l a y e r s .  Due t o  a general  i n t e r e s t ,  w e  w i l l  d i s cuss  MoF below. 6 

Mo (CO) 6 

Condensation p o i n t  156°C; decomposition begins a t  150°C. 

Sublimates wi th  hydrogen o r  carbon d iox ide  a t  30 t o  40°C. 

Manufacture : 

Ethvl-MgBr 
M°C13 + co i n  Ether ' Mo ( co) 6 

According t o  Lander (Ref. 6) molybdenum l a y e r s  are manufactured by t h e  /5 
thermal decomposition of Mo(C)) e s p e c i a l l y  i n  t h e  presence of hydrogen as t h e  

carrier gas .  By changing t h e  sepa ra t ion  cond i t ions ,  it i s  p o s s i b l e  t o  vary t h e  
carbon con ten t  of t h e  separated m e t a l  (molybdenum, a l s o  tungsten o r  chrome) 
between 0 and 35 atomic percent .  
bon monoxide and carbon dioxide,  t h e . l a r g e r  i t  i s ,  and t h e  lower t h e  sepa ra t ion  
temperature  is. The carbon sepa ra t ion  is e s s e n t i a l l y  prevented f o r  t h e  follow- 
ing  cond i t ions :  

6' 

The higher t h e  gas p re s su re  of t h e  produced car-  
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' .  

Separat ion Temperature 
i n  "C 
400 
500 
600 

Ra t io  H :CO 2 

6000 t o  10000 
3000 
10000 

A t  h igh temperatures and h ighe r  t o t a l  p re s su res  of H2 + CO ( f o r  p > 1 T o r r ) ,  

t he  decomposition of t h e  carbonyl already begins  i n  t h e  gas  phase. 
l oose  and unserviceable  covering i s  created.  

Thus, a 

The rate of s e p a r a t i o n  of t h e  metal decreases  wi th  inc reas ing  temperature. 
Therefore,  i t  i s  u s e f u l  t o  work a t  500 to  6OOOC and t o  f o r c e  back t h e  carbon 
sepa ra t ion  by t h e  a d d i t i o n  of water vapor ( r e g u l a t i o n  of t h e  water-equilibrium) 
and which proceeds according t o  t h e  r eqc t ion  CO + H2 e C + H20. No oxides  are 

produced n e i t h e r  h e r e  o r  i n  t h e  presence of 0.5% a i r .  

Pure molybdenum w a s  s epa ra t ed  at a temperature of 55OoC and p res su res  of 
0.7 Torr  hydrogen as w e l l  as 0.04 Torr carbon monoxide and carbon dioxide.  
o rde r  t o  achieve a good bond, i t  i s  advantageous t o  f i r s t  c lean t h e  s u r f a c e  
t o  be me ta l l i zed  with hydrogen. 

I n  

It should be noted t h a t  pure tungsten i s  sepa ra t ed  i n  a s i m i l a r  way, bu t  /6 
at  much h ighe r  p re s su res  (higher decomposition rates). 

US-Patent 3,023,491 (Ref. 7) g ives  a method f o r  t h e  manufacture of coa t ings  
by t h e  decomposition of molybdenum, tungsten and chrome carbonyls.  
bonyls 
t h e  s o l v e n t  a t  90 t o  100°C and then decomposed above 150°C. 
n o t  necessary t o  work i n  a vacuum. 

0.2 t o  0.3 mm/were manufactured. 
t o  250OC. 

The car- 
are dissolved i n  dioxane as w e l l  as te t rahydrofurane,  o r  vaporized with 

I n  t h i s  case it is  
at  315OC l a y e r s  By decomposition of Mo(C0) t h i c k  6 

The method i s  supposed t o  be  u n i v e r s a l l y  app l i cab le .  
The working temperatures are i n  gene ra l  200 

White c r y s t a l s  

Flow p o i n t  17.5"C, Condensation point  35OC 

Manufacture from t h e  elements. 

This  compound is  no t  mentioned as the  i n i t i a l  material  f o r  t h e  manufacture 
of c o a t i n g s  i n  t h e  l i t e r a t u r e  reviewed by us (however, see tungsten) .  

MoC15 (MoC16 is Not Known) 

Dark green t o  black c r y s t a l s ;  t h e  vapor i s  dark red.  

Flow p o i n t  194OC, Condensation point  268°C 

Manufacture from t h e  elements. 
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According t o  Gadiyer (Ref. 8), layered uranium d iox ide  covered w i t h  l a y e r s  /7 
of molybdenum i s  manufactured by t h e  reduct ion of  MoCl 

The uranium dioxide p a r t i c l e s  are applied i n  l a y e r s  f o r  one hour a t  a hydrogen 
flow rate of 1:l with t h e  a d d i t i o n  of argon i n  t h e  r a t i o  100 ml/min i n  a 
f l u i d i z e d  bed, and l a y e r s  7 t o  10 mm t h i c k  are obtained. The MoCl is  vaporized 

a t  about 200OC; t h e  hydrogen i s  added later. The hydrogen c h l o r i d e  i s  c o l l e c t e d  
i n  subsequent washing b o t t l e s .  

w i th  hydrogen a t  600°C. 5 

5 

Furthermore, t h e  manufacture of MoCl and t h e  metal lographic  p r o p e r t i e s  of 5 
t h e  coa t ings  are discussed. 

B a d i a l i  (Ref. 9) desc r ibes  a method of manufacturing extremely pure molybd- 
enum by t h e  reduct ion of MbCl 

20 Torr (optimum cond i t ion ) .  

vaporized a t  280°C and c a r r i e d  along with the argon current ,and hydrogen is  
added la ter .  
t h e  sepa ra t ed  metal r e s u l t e d  i n :  

i n  a hydrogen-argon c u r r e n t  a t  850°C and 5 t o  5 
The r a t i o  Ar:H2 w a s  2.3:31 ( l / h ) .  The MoC15 i s  

The a n a l y s i s  of The method can a l s o  be  used a t  normal p re s su re .  

C 89 ppm 

H 3 PPm 

N 9 PPm 
0 650 ppm 

Lamprey (Ref. 10) desc r ibes  a s i m i l a r  procedure,  bu t  no coa t ings  are 
manufactured ( see  WC16) .  

of tantalum, niobium, tungsten,  zirconium and t i t an ium,  molybdenum c h l o r i d e  can 
a l s o  b e  used f o r  t h e  manufacture of coat ings by r educ t ion  wi th  hydrogen. 

US-Patent 3,089,785 (Ref. 11) a l s o  states t h a t  i n  a d d i t i o n  t o  t h e  c h l o r i d e s  

Tungsten /8 
Densi ty  19.3 g/cm3 

Flow p o i n t  3370°C 

Condensation p o i n t  5900°C (6700°C) 

The compounds W(CO)6, WF6, WC1 and WBr were used f o r  t h e  manufacture of 6 6 
tungs t en  l a y e r s .  

C o l o r l e s s  c r y s t a l s  

Condensation p o i n t  175°C; sublimates a f t e r  50°C 

The decomposition begins at 150°C 
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Manufacture : 

w(co) 6 
Phenyl-MgBr 

+ co Ether o r  Benzene ' 
~b 

According t o  McGuire (Ref. 12) coat ings of tungsten are manufactured by 
t h e  decomposition of W(CO)6 a t  200 t o  6OOOC i n  the presence of hydrogen o r  

water vapor. Due t o  t h e  a d d i t i v e s ,  the carbon and ca rb ide  content  can be h e l d  
s m a l l .  A t  h igh temperatures,  t h e  carbon content  and t h e  s e p a r a t i o n  rates de- 
crease. 

Lander (Ref. 6) and Breining (Ref. 7) used W(CO)6 as t h e  i n i t i a l  material  

f o r  t h e  s e p a r a t i o n  of tungsten ( see  Mo(C0) ). 6 

F i n a l l y ,  w e  should a l s o  mention a s tudy (Ref. 13) on molybdenum, 
niobium and Mo-Nb-alloys. 

- WF6 

Flow p o i n t  2.5OC a t  375 Torr 

Condensation po in t  19.5OC a t  760 Torr 

Reacts with a l l  metals, except gold and platinum 

Manufacture: from t h e  elements o r :  

+3 SbF3 
WC16 -3 SbFC12 .' wF6 

/9 

According t o  Niebe r l e in  (Ref. 14) tungsten of t h e  h ighes t  p u r i t y  (99.99%) 
i s  manufactured by t h e  reduct ion of WF 

important i m p u r i t i e s  (more than 10 ppm) were s i l i c o n  (28  ppm) and carbon (15 ppm). 
The d e n s i t y  of t h e  separated tungsten was 19.25 g/cm3. 

copper, %ne1 and Inconel.  
s a t u r a t e d  b o r i c  a c i d  so lu t ion .  

w i th  hydrogen a t  600°C. The most 
6 

I n  a d d i t i o n  t o  t e f l o n  
l and K e l - f  ( f o r  the flowmeter), which is  a polymer f l o u r i n e  hydrocarbon, they used 

The hydro f luo r i c  a c i d  formed w a s  c o l l e c t e d  wi th  

According t o  Oxley (Ref. 1 5 ) ,  very pure tungsten i s  a l s o  sepa ra t ed  from 
WF6 i n  the presence of hydrogen and ni t rogen.  

equat ion t o  c a l c u l a t e  t h e  r e a c t i o n  rate above 30OoC. 

The content  of fo re ign  materials 
l is  less t h a n  100 ppm, of which 20 t o  50 ppm are f l u o r i n e .  The author  g ives  an 

Nyce (Ref. 16) g ives  t h e  following condi t ions f o r  t h e  s e p a r a t i o n  of tung- 
s t e n  from WF i n  a hydrogen cu r ren t :  6 

Temperature 

P r e s  s u r  e 

H2 :WFg 

200 t o  8OOOC 

Vacuum up t o  a few atmospheres 

5 : l  t o  20: l  
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Flow v e l o c i t y  of t he  
gas mixture  31  t o  15.5 ml/min-cm2 

. I n  (Ref. 17) i t  i s  s t a t e d  t h a t  a t  a r a t i o  of H2.WF6 = 140 and p res su res  of /10 
20 Torr t h e  sepa ra t ion  of tungsten a t  8OOOC i s  inhomegonous. A t  6OOOC i t  w a s  
more uniform and a t  5OOOC t h e r e  w a s  no more separa t ion .  
dimensions 8 x 1 1 / 4  x 0.06 inches were deposited on copper a t  7OOOC and wi th  
WF6- flow rates of 200 ml/min. 

Layers with t h e  * 

The ana lys i s  r e s u l t e d  i n  (ppm): 

C 18-50 

0 12-60 

H 1-11 

N <5-13 

F 10-40 

cu 1-10 

US-Patent 3,072,983 (Ref. 18) emphasizes t h e  advantages of t h e  reduct ion  
of WF 6 
According t o  t h i s ,  W(CO)6 i s  unsu i t ab le  f o r  many app l i ca t ions  as w e l l  as too 

expensive. with hydrogen becomes p r a c t i c a l  only a t  85OOC 

( a  temperature a t  which l a y e r s  adhere w e l l  and apprec iab le  sepa ra t ion  rates 
can be  obta ined) .  I n  c o n t r a s t  t o  t h i s , t h e  q u a l i t y  of t h e  tungsten l a y e r s  when 
WF is  used i n  a hydrogen cu r ren t  i s  independent of temperature and p res su re  

over l a r g e  ranges.  
p r o p e r t i e s  of t h e  material t o  be vaporized, a temperature of 65OOC should be 
favorable  i n  most cases. The following d a t a  are presented i n  t h e  pa t en t  docu- 
ment : 

with hydrogen over o the r  methods of s epa ra t ion  of tungsten l a y e r s .  

The reduct ion  of WC1 6 

6 
Even though t h e  sepa ra t ion  temperature depends on t h e  

Temperature Region 300 t o  900°C 

Pressure  Range 

To ta l  Amount of Flow 

0.1 t o  100 atm 

400 t o  3600 ml/min 

Substances on which Graphi te ,  Copper 
tungsten w a s  deposi ted S t e e l  and Molybdenum 

The following condi t ions  are given f o r  t h e  depos i t ion  of tungsten on 
molybdenum, steel and graphi te :  

1. Deposi t ion on molybdenum 

65OoC, 1 a t m  

3200 m l  H2/min 

340 m l  WF6/min 

Duration: 30 min. 

Tungsten l a y e r :  0.023 i n .  

/11 
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2. Deposit ion on a steel cy l inder  

65OoC, 0.5 a t m  

200 m l  H2/min 

200 m l  WF6/min 

Duration: 30 min. 

Deposited amount of tungsten: 7.5 g 

3. Deposit ion on a g raph i t e  rod 

65OoC, 0 .1  a t m  

1000 m l  H2/min 

345 m l  WF6/min 

Deposited amount of tungsten: 3.5 g 

This  paper does not  conta in  sketches of t h e  experimental  apparatus .  

Miller (Ref. 19) descr ibes  inves t iga t ions  of t h e  depos i t ion  of e s p e c i a l l y  
pure tungs ten  on sapphi re  monocrystals by t h e  reduct ion  of WF6 wi th  hydrogen. 

H e  g ives  t h e  following sepa ra t ion  condi t ions:  

25OoC, 5.5.10'2 t o  1.75.10-1 Torr ,  H2:WF 
Layer th ickness  100 t o  2700 i / h  

1000°C, 2-10-3 Torr ,  H2:WF6 = 6:l 

= 1:l 6 

WC16 - /12 

Stee l -b lue  c r y s t a l s ;  the  vapor i s  weakly d i sa s soc ia t ed .  

Flow po in t  275OC, Condensation point  347°C 

Manufacture from t h e  elements. 

Oxley (Ref. 20) descr ibes  a method f o r  depos i t ing  l a y e r s  on uranium dioxide ,  
i n  which W C 1  

excess) .  The WC1 i s  vaporized, i s  ca r r i ed  t o  t h e  r e a c t i o n  zone by an argon 

cur ren t ,and  i s  mixed wi th  hydrogen there .  
t h e  r e a c t i o n  i s  co l l ec t ed  i n  subsequent washing and drying towers. 
i s  f irst  f r eed  of oxygen and is  cleaned by means of a molecular s ieve .  

is d i sa s soc ia t ed  i n  a hydrogen cu r ren t  a t  4OOOC (100 t o  150-fold 6 

6 
The hydrogen ch lo r ide  formed during 

The hydrogen 

The amount of tungsten separa ted  is about 0.6 g/h*cm2 on t h e  average. The 
c h l o r i n e  content  of t h e  l a y e r  a t  4 O O O C  is q u i t e  l a r g e  (5000 t o  1900 ppm), bu t  
t h e  cohesion of t h e  tungsten on the  uranium dioxide i s  good. 

According t o  Lamprey (Ref. 10) WC16  o r  MoC15, r e spec t ive ly ,  are introduced 

i n t o  a r e a c t i o n  tube  by means of an argon cu r ren t  i n  t h e  manufacture of tungsten 
o r  molybdenum powder. They are then mixed wi th  hydrogen and are decomposed a t  

7 



temperatures between 450 and 900°C. 
t a l s  v a r i e s  between 1.82 weight % (430OC) and 0.13 weight % (905OC). 
t i c l e  diameter was 0.01 t o  0 .1  um. 

The chlor ine  content  of t h e  separa ted  me- 
The par- 

F i n a l l y ,  w e  would again l i k e  t o  mention US-Patent 3,089,785 (Ref. 11) i n  
t h i s  connection. 

Blue-black, subl imat ing needles ,  which decompose with a small  amount of 
hea t ing .  

Manufacture from t h e  elements. 

I n  t h e  manufacture of tungsten bromide, WBr6, WBr WBr and WBr are 

According t o  Caves 
5' 4 3 

c rea t ed  a t  t h e  same t i m e ,  which sublimate above 23OoC. 
(Ref. 21),  t hese  bromides are vaporized a t  108 t o  386OC and are decomposed a t  
temperatures between 1100 t o  154OoC and pressures  of 10-7 Torr.  
very pure tungsten is  separa ted  using t h i s  modified van-Arkel-de-Boer method. 

Apparently 

Rhenium 

Density 20.53 g/cm3 

Flow poin t  3167+6OoC 

Condensation point  587OOC (563OOC) 

Fur ther  phys ica l  and chemical p rope r t i e s  can be  found i n  S c h r e i t e r  (Ref. 4 ) ,  
Gosner (Ref. 22) and Lebedev (Ref. 23). For t e c h n i c a l  d a t a  see Sagoschen (Ref. 
24).  The pure metal i s  manufactured v i a  ReC15. 

The i n i t i a l  materials f o r  t h e  manufacture of rhenium l a y e r s  were ReF and 6 
ReOC14. (Re(C0) ) is a l s o  a p o s s i b i l i t y .  5 2  

Flow po in t  1 7 7 O C ,  subl imates  a f t e r  14OOC 

Above 1 7 7 O C  slow decomposition begins 

Manufacture: 

(Re(CO)5>2 + 7 C02 250°C/200 atm ~ 

Re207 + l7 co (quan t i t a t ive )  

This  compound is not  used f o r  t h e  manufacture of coa t ings ,  as f a r  as can 
be  seen  from t h e  l i t e r a t u r e .  Nevertheless w e  w i l l  mention the  d a t a ,  s ince  they 
can be of i n t e r e s t .  
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Pa le  yellow c r y s t a l s  

Flow po in t  25.6OC, Condensation point  47.6"C 

1 
Manufacture from t h e  elements. 

ReF i s  very unstable .  It reacts with water ,  f a t s ,  g l a s s ,  quar tz  (a l ready  6 
below 3OoC), l i g r o i n ,  e t c .  ReF can be reduced by hydrogen, (above 200°C), 

with carbonmonoxide(above 3OO0C), as w e l l  as with s u l f u r  d ioxide  (above 400°C), 
where ReF o r  m e t a l l i c  rhenium ( a t  400 t o  500OC) i s  formed. 

6 

4 
According t o  Federer (Ref. 25) rhenium is separa ted  from ReF6 i n  a hydrogen 

cu r ren t  (500 t o  3000 ml/min) a t  temperatures between 400 t o  8OOOC and pressures  
< 10 Torr  i n  a uniform way. Even before  t h e  beginning of t h e  decomposition 
process  occurs ,  hydrogen (100 ml/min) i s  added t o  t h e  ReF6, whose purpose is t o  

p r o t e c t  t h e  g l a s s  components,and i n  p a r t i c u l a r  t h e  flow meter,from corrosion.  

Experiments on t h e  manufacture of tungsten-rhenium a l l o y s  by Federer (Ref. 
25) show t h a t  t h e  composition of t he  layers depends on t h e  decomposition temp- 
e r a t u r e .  Depending on t h e  rhenium content ,  i t  i s  poss ib l e  t o  work with a flow 
of 30 m l  WF6 and 2000 m l  hydrogen per  minute, i n  t h e  temperature region between 

500 t o  7 O O O C  and a t  a p res su re  of 10 Torr. 

/15 

I n  (Ref. 17)  it is s t a t e d  t h a t  t h e  rhenium sepa ra t ion  i s  uniform a t  temp- 
e r a t u r e s  of 4 O O O C  and pressures  of 10 T o r r  and a hydrogen flow rate of 2000 m l /  
min. 500 t o  8OOOC and a flow rate of 3000 ml/min were found t o  be l e s s  advan- 
t ag  eous . 

According t o  (Ref. 17) tungsten-rhenium a l l o y s  wi th  25% rhenium can be  
manufactured a t  7OO0C, 10 Torr and i n  the  presence of 70 mole hydrogen per  mole 
of t o t a l  f l u o r i d e  (71  % WF6 + 29 % ReF6). 

ReOC14 

Dark brown i n  t h e  s o l i d  and vaporous state 

Flow poin t  29OC, Condensation point  223OC 

Manufacture by oxida t ion  of ReC14 a t  15OoC 

Even though pure rhenium i s  manufactured wi th  R e C l  which can e a s i l y  be 

c leaned ,  i t  w a s  n o t  poss ib l e  t o  f i n d  any method of manufacturing coat ings i n  
t h e  l i t e r a t u r e  which s t a r t e d  wi th  t h i s  compound. Ins t ead  of i t ,  oxychloride 
i s  p r e f e r r e d .  

5' 

According t o  USSR-Patent 155,933 (Ref. 26) ReOC14 w a s  reduced t o  rhenium 

us ing  hydrogen a t  800 t o  1000°C with the formation of hydrogen ch lor ide .  

9 



. 
160 mg/cm2.h of rhenium w e r e  a l s o  separated a t  1200 t o  1 3 O O O C .  
as much as when R e C l  is  used as t h e  i n i t i a l  material. The rhenium y i e l d  com- 5 
p r i se s50  t o  60% of t h e  t h e o r e t i c a l  amount. 

ReC15 decomposes a l r eady  a t  2OO0C i n t o  ReC13, which i s  hard t o  v o l a t i l i z e .  ReOC14 

w a s  manufactured by ox ida t ion  of ReC15 a t  80 t o  15OoC. 

This is  16  t i m e s  

ReOC14 is  s t a b l e  up t o  600OC. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
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